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environments in a workplace physical activity intervention. It
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Objectives   The primary aim of this study was to examine the impact of physical activity (PA) in the natural 
environment (eg, “green exercise”) on resting autonomic function in the Walks4Work intervention. A secondary 
aim was to assess the feasibility of Walks4Work in terms of adherence, change in PA levels, and cardiovascular 
health parameters.
Methods   In an 8-week randomized control trial, 94 office workers in an international company were allocated 
to one of three groups: control, nature (NW), or built (BW) lunchtime walking route. Both walking groups were 
required to undertake two lunchtime walks each week. The NW route centered around trees, maintained grass, 
and public footpaths. In contrast, the BW consisted of pavement routes through housing estates and industrial 
areas. Data were collected at baseline and following the intervention. To investigate the impact of the interven-
tion, mixed-design analysis of variance (ANOVA) were performed. 
Results   A total of 73 participants completed the intervention (drop-out rate of 22%). No difference was 
observed in resting autonomic function between the groups. Self-reported mental health improved for the NW 
group only. PA levels increased at the intervention mid-point for all groups combined but adherence to the inter-
vention was low with rates of 42% and 43% within the BW and NW groups, respectively. 
Conclusion   Accompanying a guideline of two active lunchtimes per week with low facilitator input appears 
inadequate for increasing the number of active lunchtimes and modifying cardiovascular health parameters in 
an office population. However, this population fell within normal ranges for cardiovascular measures and future 
research should consider investigating at-risk populations, particularly hypertensive individuals. 
Key terms   autonomic function; cardiovascular disease; green exercise; lunch break; mental well-being; nature.
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Cardiovascular disease (CVD) is one of the greatest 
sources of health risk in the UK, accounting for 39% of 
mortalities (1). Modifiable risk factors of CVD include 
hypertension, obesity, smoking, diabetes, and sedentary 
behavior. Stress, although not considered to be a direct 
risk factor of CVD, may also increase disease risk (2). 
The combination of stress alongside sedentary behavior 
is widespread in many workplaces. Therefore, workplace 
interventions specifically targeting sedentary behavior 
and stress may help alleviate some of the risks for CVD.
Individuals who do not engage in regular physical 
activity (PA) have a 20–30% greater risk for CVD (3), 
thus sedentary behavior has been identified as a key 
health issue (4). Regular walking promotes sustainable 
changes in PA and contributes to the achievement of 
recommended levels of moderate exercise (5), which 
subsequently benefits CVD risk profile (6). The work-
place is a suitable location for incorporating PA inter-
ventions, such as walking, at a community level (7–9). 
Indeed, workplace interventions that include walking 
increase PA (10), but whether they decrease sedentary 
behavior is less clear. This concept has been identified 
in qualitative studies (11) with a systematic review iden-
tifying that sitting time is unaffected by workplace PA 
interventions (10). However, increasing activity during 
suitable periods of the day, such as lunchtime, provide 
opportunities for performing moderate activity (12) and 
may, thus, break up long periods of sedentary time. 
Suitable outcome measures for assessing the health 
impact of a PA intervention have been highlighted as 
resting and exercising heart rate (HR), blood pressure 
(BP), CVD risk score, and aerobic fitness (13). Altera-
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tions in HR that are observed with regular PA may in 
part be due to the adaptation of the autonomic nervous 
system (ANS) (14), which can be assessed using HR 
variability (HRV) – a well-established, non-invasive 
measure of vagal activity. A low HRV reflects reduced 
vagal activity and is linked to poor cardiovascular health 
(15). In addition, reductions in HRV have been linked 
with risk for cardiovascular mortality (16, 17), and 
stress has been shown to reduce HRV (18). Specifically, 
workplace stress has been identified as a contributing 
factor in increased risk for CVD (19), and reduced 
HRV is a characteristic of repeated exposure to stressful 
situations (20). How the ANS responds to, and recovers 
from, stress also offers an indication of cardiovascular 
health (21). Furthermore, stress indirectly contributes to 
modifiable CVD risk factors such as increased smoking, 
alcohol consumption, and importantly sedentary behav-
ior (2), thus creating a detrimental cycle.
The lunch break is often a time when employees con-
tinue to remain at their workstations due to work demands 
or peer-pressure from colleagues. Thus a detrimental 
cycle of increased stress and sedentary behavior can pre-
vail. The lunch period offers an opportunity to engage in 
moderate PA, interrupting long periods of sedentary time 
and providing an opportunity to decrease stress levels and 
restore physical and mental fatigue (22, 23).
The role of the exercise environment is one facet of 
workplace PA interventions not previously investigated 
that offers promise for enhancing health outcomes. 
Exercising in a natural environment could offer benefits 
above exercising in other settings. Amongst healthy, 
CVD-free populations, single exposures to natural envi-
ronments can reduce mental fatigue and stress (22, 23), 
improve mental well-being (24–26), enhance ANS con-
trol measured as HRV (27, 28), and reduce BP (27, 29, 
30). Systematic reviews (31, 32) have highlighted that 
exercising in a natural environment (so-called “green 
exercise”) improves mental well-being (eg, mood, self-
esteem) more than indoor or urban area exercise. In 
addition, built environments may play a part in causing 
undesirable changes in cardiovascular measures, such as 
increased BP (33). Hartig et al (33) exposed participants 
to cognitively demanding tasks for 50 minutes before 
participants walked in either a nature reserve or a built 
urban environment for 30 minutes. When exposed to the 
urban environment, participant’s systolic BP increased 
during the walk while a decrease in systolic BP was 
observed during the nature reserve walk. Thompson 
Coon et al’s systematic review (32) found positive 
outcomes after only one exercise bout in a natural envi-
ronment compared to an indoor setting. The authors 
concluded there is a limited amount of research inves-
tigating the impact of repeated exposure to the natural 
environment. Therefore, a workplace intervention that 
recognizes the role of the exercise environment offers 
a novel and multifaceted approach to improve employ-
ees’ activity levels, workplace well-being, and health. 
Replicating measures associated with cardiovascular 
health, which have been employed by previous research 
investigating one-off bouts of green exercise, will allow 
longer-term impacts of green exercise to be investi-
gated. Having seen changes in cardiovascular health 
measures after one-off bouts of green exercise, it might 
be expected that repeating exposure over a longer time-
frame will have at least equal or perhaps greater effects. 
Thus, this is the first study to explore the physical health 
impact of a workplace lunchtime walking intervention 
program entitled Walks4Work.
The primary aim of this study was to examine the 
impact of the exercise environment on physical health 
outcomes of the Walks4Work intervention. The primary 
hypothesis is that walking in a natural environment 
will increase resting HRV and decrease resting HR 
more than walking in a built setting or not walking at 
all (control). The secondary hypothesis is that repeated 
walks in nature will positively impact on other physical 
markers of health, including CVD risk factors, BP, and 
autonomic responses to stress and increase perceived 
health. The third hypothesis is that lunchtime activity 
will increase among those participants allocated to a 
walking group. The secondary aim was to assess the 
feasibility of Walks4Work in terms of adherence and 
overall changes in PA levels to inform future work. 
Methods
Trial design
This was a multi-workplace, parallel group study (with 
balanced randomization [1:1:1]) conducted in the UK 
(figure 1). There were two walking intervention groups 
and one control group. The lunchtime walking aspect 
of the intervention was intended to adhere to the UK 
government guideline daily levels of PA [ie, 30 minutes 
of moderate PA a day (34)]. In addition, it was important 
that the walk was achievable during the employees’ 
45-minute lunch break. Development of the interven-
tion included feasibility discussions with the company’s 
Managing Director and team leader of the health and 
well-being group. It was decided that the majority of the 
lunch break should remain unaffected by the intervention 
and five lunch breaks a week would be, in practical terms, 
too many for employees to achieve. Thus, 20 minutes 
(60% of the recommended daily 30 minutes of moder-
ate PA) twice a week was considered the most feasible. 
The intervention consisted of an 8-week phase where 
participants were expected to complete two lunchtime 
walks every week. Both walking groups were asked to 
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undertake a set circular walking route approximately 2 km 
in length, designed to provide a walk of approximately 
20 minutes in duration. There were two circular routes: 
one for the nature walking (NW) group and the other for 
the built walking (BW) group. The route provided for 
the NW group consisted of trees, spaces of maintained 
grass, public footpaths, and country lanes. In contrast, the 
route for the BW group was primarily composed of paved 
footpaths adjacent to roads, housing estates, and industrial 
areas. Each participant was free to choose which two 
weekdays they walked in order to promote adherence. 
Additionally, participants were able to walk individually 
or with others. For full details of the intervention see 
Brown et al (35) (trial registration: ISRCTN05716448).
Participants
Recruitment of eligible participants was self-selecting 
in response to a request for companies to participate 
in a research project. Companies were required to be 
predominantly desk-based with a minimum of 200 
employees to ensure that an adequate sample size could 
be achieved. Company employees were eligible to par-
ticipate if they were 18–65 years of age and considered 
themselves healthy and able to undertake fairly intense 
exercise. Exclusion criteria were known cardiovascular 
and/or neurological conditions or taking of medica-
tion that affects these systems. Exclusion criteria were 
assessed with participant self-ratings after discussion 
with investigators where appropriate.
The participating company was an international 
Financial Times and London Stock Exchange (FTSE) 
100 company, which has several sites within the UK. In 
the current study, two sites were used with a total com-
bined workforce of 378, where main job roles consisted 
of contract driven work, predominantly desk-based with 
the addition of some manual aspects. 
Physiological data were collected onsite and psy-
chological questionnaires completed online. During 
the intervention, participants were “self-walking” (ie, 
no prompt from researchers to complete the required 
two weekly walks). Eligible participants were recruited 
in April 2011, with health checks and questionnaires 
completed at baseline (last two weeks of April 2011) and 
following the 8-week intervention (July 2011).
Outcomes
The primary outcome measures were HR and natural 
log of high frequency (lnHF) values to explore changes 
in vagally mediated HRV following the intervention. 
Baseline and follow-up health checks were carried out 
onsite in sessions with ≤8 participants at any one time, 
within the testing room. Participants completed a con-
sent form and the pre-exercise screening questionnaire 
and were then fitted with two HR monitors. A Polar HR 
monitor (Polar Electro UK Ltd, Warwick, UK) was used 
to view HR throughout the testing procedure. The other 
HR recorder (eMotion sensor, Megaemg, University of 
Kuopio, Finland) had no visual display and was used 
to assess each heart beat to explore HRV. Stature (m), 
body mass (kg) and waist circumference (cm) were also 
recorded. Participants remained seated (except during a 
sub-maximal fitness test) facing away from each other, 
with space between to minimize any interference. A 
resting BP measurement was taken using an electronic 
BP monitor (MX3 basic, Omron, Lake Forest, IL, USA) 
with the cuff placed on the participant’s upper right 
arm. The health check also consisted of a rest period, a 
stressful task, and a sub-maximal fitness test (described 
below). Further detail of the health checks can be found 
in Brown et al (35).
At each health check, HR data was collected during 
a 5-minute rest period. Additional HR data was col-
lected during a stressor and recovery from the stressor 
(HR stress recovery) period, each lasting three minutes. 
The stressor consisted of a serial subtraction task with a 
socioevaluative threat element. In brief, the participants 
completed a 3-minute stressor comprising a mental 
arithmetic challenge of subtracting a 2-digit from a 
4-digit number. The same 2-digit number was then 
 
Figure 1. CONSORT participant flow diagram.
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subtracted from each consecutive answer. Participants 
were asked to repeat the process as quickly as possible 
for a period of three minutes. During this time, they 
were instructed to write down only the answer (no cal-
culations) and not to look back at the previous answer. 
They were told the longest sequence of correct answers 
would be calculated. To induce a further socioevaluative 
threat, participants were observed by the researchers 
who walked around the room. A verbal countdown was 
given at “half-way”, “1 minute to go”, “30 seconds 
remaining” and “10 seconds left” to increase pressure 
(35). Physiological stress response was calculated as the 
change from resting values (stress value – resting value) 
as was recovery from stress (recovery value – resting 
value). This was repeated for HR and lnHF values.
Secondary outcome measures included the Framing-
ham CVD risk score (%), calculated using the General 
CVD (10-year risk) calculator (available at (www.fram-
inghamheartstudy.org) (36). This does not calculate 
a CVD risk for those <30 years old (N=15 in current 
study). Further measures included: systolic and diastolic 
BP, predicted aerobic fitness [from Chester step test 
(37)], and body mass index (BMI).
The SF-8 health questionnaire was used to assess 
participants’ perceived general, mental, and physical 
health using the SF-8® Health Survey. PA was objectively 
measured and quantified as steps using activity monitors 
(ActiPed, Fitlinxx Inc, Shelton, CT, USA). Daily work-
time PA was calculated as mean daily (09:00–17:00 
hours) step count from Monday to Friday. The ActiPed 
picks up any activity involving the lower body (38) and 
participants were instructed to wear the monitor for all 
waking hours. Therefore a zero activity count for the day 
(of particular relevance, including outside work hours) 
signifies non-compliance with wearing the activity moni-
tor. Such days do not represent sedentary behavior but, 
rather, unknown activity and are subsequently excluded 
from the calculation of mean daily steps. Lunchtime 
activity was assessed as number of active lunchtimes per 
week (Monday to Friday), defined as ≥1500 steps com-
pleted in a 45-minute period between 12:00–14:00 hours. 
This was chosen as a conservative absolute minimum for 
a continuous bout of PA that might straddle two 20-min-
ute epochs. Additionally, the routes were circular making 
it likely that participants would complete the full walk.
Sample size
As HR and lnHF are markers of health, these parameters 
were used in the power calculation to assess the num-
ber of participants required for the study. Additionally, 
sample size was based on the inclusion of three groups 
in the study (NW, BW, and a control). From previous 
studies assuming a relevant difference of -5.0 [standard 
deviation (SD) 5.0] HR, 0.6 (SD 0.5) lnHF, and a sig-
nificance level of α=0.05, statistical power of 80% and 
associated Bonferroni adjustments, a final group size 
of N=24 was required. However, it was expected that 
30% of participants would not comply with the study 
protocol, which may be due to unusable data (includ-
ing incomplete data, technical failure), drop-outs, and 
non-finishers due to intervention and/or the follow-up 
period. Therefore, approximately 32 participants were 
required per group: a total of 100 participants. Previous 
studies that have measured an effect of environment 
on physiological variables have used between 16–29 
participants (27, 28). 
Randomization
After enrolment, participants were assigned to one of 
three groups following simple randomization procedures 
(computerized random numbers). Groupings were only 
known to the researchers and participants following the 
baseline health checks in order for researcher bias to be 
eliminated. 
Blinding
Participants were informed only about their specific 
intervention. However, contamination between group-
ings could occur as participants from all three groups 
worked in the same office building and discussed the 
project amongst themselves.
Heart rate variability analysis
Each heart beat was recorded using an eMotion sensor 
(Megaemg, University of Kuopio, Kuopio, Finland) to 
assess HRV. This data was averaged into three 3-minute 
segments: at rest, during stress, and during recovery 
from stress (HR stress recovery) for each participant. 
Data were collected at baseline and follow-up health 
checks. Power spectral analysis was used to determine 
the high frequency component (0.15–0.4 Hz) of HRV. 
All HRV analysis was performed using Kubios Pro 
software (University of Kuopio, Kuopio, Finland) (39).
Statistical analysis
To test the primary hypothesis, a mixed-design analysis 
of variance (ANOVA) was used to examine autonomic 
function (HR and high frequency component) across all 
three groups over the intervention. Secondary hypotheses 
were tested using mixed-design ANOVA on systolic and 
diastolic BP, CVD risk, BMI, and fitness. Additional 
mixed-design ANOVA were used to explore self-reported 
health data across all groups over the intervention. To 
explore the secondary aim of the study, qualitative analy-
sis was performed on mean active lunchtimes per week 
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to determine adherence. A mean of ≥2 was considered 
to be successful adherence to the allocated two active 
lunchtimes in the walking intervention. Overall PA was 
assessed at baseline, mid-intervention, and end of inter-
vention using mean daily (09:00–17:00 hours) step count. 
This was analyzed using a mixed-design ANOVA. An 
alpha level of <0.05 was considered significant. Mean 
differences with 95% CI were calculated to assess the 
magnitude of change. Where 95% CI did not cross zero, a 
meaningful change was considered to have occurred (40). 
Post-hoc pairwise comparisons with Bonferroni correc-
tion were applied where appropriate with adjusted alpha 
levels for within-subject variables. All data were normally 
distributed (as assessed by Kolomogorov-Smirnov) apart 
from the HF component of HRV, which was natural log 
transformed prior to statistical analysis. All analysis was 
performed using SPSS PASW version 18 (IBM Corp, 
Armonk, NY, USA).
Results
A one-way between-subjects ANOVA showed no dif-
ferences in baseline values for the primary outcome 
variables of resting HR and lnHF. Secondary outcomes 
of systolic and diastolic BP, all HR and lnHF variables, 
BMI, CVD risk, predicted fitness, and SF-8 measures 
did not differ at baseline.
With regards to the primary hypothesis, neither resting 
HR nor lnHF (table 2) demonstrated significant changes 
due to group allocation (tables 1 and 2). Regarding auto-
nomic function during an acute mental stress, no interac-
tion effect was observed between group and time.
Exploring the secondary measures of health, a mixed-
design ANOVA identified a group × time interaction for 
mean systolic BP over the intervention. A reduction in 
systolic BP was seen in both the control and NW group of 
-7.2 (95% CI -11.5– -2.8) mmHg and -5.7 (95% CI -8.9– 
-2.5) mmHg, respectively, whilst the BW group showed 
only a small change of 0.7 (95% CI -3.0–4.5) mmHg. 
Importantly, exploring the baseline values identifies that 
the control and NW groups started with a mean systolic 
BP of ~5mmHg greater than that of the BW group. No 
other significant interactions existed for other physiologi-
cal markers of health BMI, CVD risk score, or aerobic 
fitness. Mixed-design ANOVA revealed a main effect of 
time for decreased diastolic BP, CVD risk, HR response 
to stress, and HR recovery from stress, irrespective of 
exercise environment. Additionally diastolic BP showed 
a main effect for group with participants in the NW group 
reporting greater diastolic BP.
Mixed-design ANOVA revealed an interaction effect 
for self-reported mental health (table 2). Confidence 
intervals identify the mean score in the NW group to have 
increased above baseline scores by 2.7 (95% CI 0.0–5.4) 
whilst the control group and BW group did not [-3.3 (95% 
CI -6.3–0.3) and -0.3 (95% CI -4.3–3.8), respectively]. 
No interaction effect was found for components of self-
reported general health or physical health.
Active lunchtimes
Figure 2 presents the mean number of active lunchtimes 
(≥1500 steps during 12:00–14:00 hours) per week for 
all study groups. At baseline, all groups were below a 
mean number of two active lunchtimes a week. Initially, 
both intervention groups increased their mean active 
lunchtimes above two per week. For the BW group this 
mean remained above two per week until after week 3. 
The NW intervention sustained a mean number of active 
lunchtimes above two per week until week 4. During 
weeks 5–8, mean active lunchtimes remained below two 
per week for both intervention groups. The control group 
showed a mean number of active lunchtimes below two 
per week throughout the entire intervention and active 
lunchtimes remained below the walking groups at each 
time-point. Overall, 43% and 42% of participants in the 
BW and NW groups, respectively, achieved the target of 
two lunchtime walks per week, whilst only 13% of the 
control group completed two lunchtime walks a week 
during the intervention period.
The achievement of the allocated two walks would 
add, as a minimum, an extra 3000 steps per week. In 
terms of mean daily activity, these additional steps 
would equate to an extra 600 steps per day. The NW 
group showed the highest peak of mean daily steps 
(figure 3) with an increase of 745 steps/day. The BW 
and control groups showed a mean increase of 374 and 
217 steps/day respectively. Thus the NW group was the 
only group, on average, to achieve the targeted increase 
in mean daily activity via lunchtime walks. Regarding 
Table 1. Demographic data for the study participants. [BMI=body 
mass index; SD=standard deviation]
Group
Total Control Built Nature
Mean SD Mean SD Mean SD Mean SD
Age (years) 42.0 10.6 40.2 11.0 39.3 10.3 46.3 9.4
Male 74 24 24 26
Female 20 5 9 6
Ethnicity (British)
White 92 29 31 32
Indian 2 0 2 0
Smoking status
Smoker 0 0 0 0
Non-smoker 94 29 33 32
BMI (kg/m2) 26.3 3.3 26.3 3.5 27.3 3.5 25.6 2.6
Predicted aerobic 
fitness (ml/kg/min-1)
39.8 8.1 39.2 7.9 40.1 6.3 39.1 9.0
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Table 2. Primary and secondary health outcome measures at baseline (TB) and end of intervention (TEND) for nature walking, built walking, 
and control group. [Change from baseline is shown (ΔTEND-TB) with 95% confidence intervals (95%CI). F statistics for interaction effect 
(Group×Time), main effect for time and group are reported with significance level where appropriate. [BMI=body mass index; HR=heart 
rate; lnHF=natural log of high frequency component; BP=blood pressure; CVD=cardiovascular disease.] Benefits to health may occur with 
decreases in HR, SBP, DBP, BMI, CVD, HR stress response, HR stress recovery, and increases in fitness, lnHF (rest, stress and recovery), 
and SF-8 general, physical and mental health.   
N TB TEND ΔTEND-TB 95%CI F statistic
Mean SD Mean SD Group × Time Time Group
HR resting (bpm)
Nature 27 67.1 10.0 68.3 11.6 1.1 -2.6 –4.9 0.30 0.35 1.01
Built 27 63.6 10.1 65.1 10.4 1.5 -2.5–5.5
Control 19 64.6 12.5 64.0 11.2 -0.6 -5.0 –3.7 
InHF resting
Nature 23 5.3 1.7 5.2 1.6 -0.1 -0.6–0.3 0.02 1.00 2.00
Built 24 5.9 1.3 5.7 1.5 -0.2 -0.7–0.3
Control 18 6.1 1.1 6.0 1.6 -0.1 -1.0–0.7
Systolic BP (mmHg)
Nature 27 135.1 12.3 129.3 10.3 -5.7 -8.9– -2.5 5.53 a 14.78 b 0.48
Built 27 128.9 15.1 129.7 14.2 0.7 -3.0–4.5
Control 19 133.3 10.5 126.1 10.7 -7.2 -11.5– -2.8
Diastolic BP (mmHg)
Nature 27 86.0 7.6 82.6 7.0 -3.4 -5.8– -1.0 1.00 11.82 b 4.00 c
Built 27 81.5 11.9 80.1 11.6 -1.4 -4.5–1.8
Control 19 79.5 7.1 75.1 6.8 -4.4 -8.5– -0.2
BMI (kg/m2)
Nature 28 25.6 2.6 25.5 2.6 -0.1 -0.2 –0.1 0.66 2.54 1.91
Built 24 27.3 3.7 27.2 3.8 -0.0 -0.3–0.2
Control 20 25.9 3.5 25.7 3.5 -0.2 -0.5–0.2
CVD risk (%)
Nature 27 9.0 4.4 8.5 4.4 -0.5 -1.0– -0.1 1.75 13.34 b 0.32
Built 20 8.2 6.2 8.0 6.0 -0.2 -0.6–0.3
Control 15 8.0 4.6 7.1 4.1 -0.9 -1.6– -0.8
Predicted aerobic fitness  
(ml/kg/min-1 )
Nature 24 39.0 9.5 39.3 5.9 0.3 -2.9–3.5 0.52 0.88 0.29
Built 23 39.8 6.8 39.8 5.5 0.0 -2.7–2.8
Control 19 39.6 7.7 41.7 7.2 2.1 -1.3–5.5
HR stress response (bpm)
Nature 23 16.0 11.7 10.2 8.7 -5.9 -8.5– -3.2 0.79 50.86 b 2.11
Built 24 10.8 8.6 6.0 5.2 -4.7 -7.3– -2.2
Control 18 15.2 8.2 7.8 7.9 -7.4 -11.4– -3.3
HR stress recovery (bpm)
Nature 23 5.3 6.4 2.4 3.5 -2.9 -5.0– -0.8 0.95 8.83 a 1.61
Built 24 2.5 3.8 1.5 2.7 -1.0 -2.7–0.6
Control 18 4.0 4.2 2.6 4.7 -1.4 -4.3–1.5
lnHF stress response
Nature 23 -0.3 1.1 -0.1 1.1 0.2 -0.4–0.8 0.11 2.42 1.81
Built 24 -0.4 1.3 -0.1 1.1 0.3 -0.4–0.9
Control 18 -0.9 1.4 -0.5 1.0 0.4 -0.5–1.3
lnHF stress recovery
Nature 23 0.2 1.0 0.3 0.5 0.1 -0.4–0.6 0.33 0.86 0.60
Built 24 0.1 0.7 0.3 1.0 0.3 -0.3–0.8
Control 18 0.02 0.6 0.03 0.9 0.01 -0.4–0.5
SF-8 general health
Nature 25 47.9 7.1 50.2 5.2 2.3 -0.8–5.4 0.84 1.99 0.36
Built 16 48.2 7.4 50.5 4.7 2.3 -0.9–5.4
Control 19 48.2 5.7 47.8 6.5 -0.4 -4.5–3.7
SF-8 physical health
Nature 25 54.1 4.5 54.9 2.9 0.8 -0.7–2.3 0.15 0.83 2.70
Built 16 50.4 7.2 51.8 5.5 1.4 -3.7–6.5
Control 19 53.2 7.7 53.4 4.7 0.2 -2.9–3.2
SF-8 mental health
Nature 25 50.3 6.3 53.0 6.1 2.7 0.0–5.4 4.35 c 0.11 0.70
Built 16 50.3 9.7 50.1 9.8 -0.3 -4.3–3.8
Control 19 50.7 9.2 47.4 8.2 -3.3 -6.3–0.3
a P<0.01.
b P<0.001.
c P< 0.05.
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overall activity between 09:00–17:00 hours (figure 3), a 
mixed-design ANOVA showed a significant main effect 
for time (F2, 2=3.47, P<0.05). Pairwise comparisons 
identified a rise in mean daily step count, independent of 
group, at the intervention mid-point (week 4) compared 
to baseline (P<0.05) and end of intervention (P<0.05). 
Discussion
Previous literature has observed improvements in HRV 
following one-off exercise bouts in nature (30). This 
study was the first to investigate whether markers of 
autonomic function changed after an 8-week walking 
program was introduced as a lunchtime intervention 
within a workplace setting. It was hypothesized that 
walking in a natural environment would increase HRV 
and decrease HR at rest more than walking in a built 
setting or not walking at all as previously reported in 
environmental studies (27, 28, 30) and after PA (41). 
The hypothesis is rejected as no differences in either 
resting HRV or HR were observed. No difference was 
observed in HRV in response to, or recovery from, an 
acute mental stressor. Thus, the previous findings of 
HRV changes following one-off bouts of green exercise 
were not replicated in this study.
Systematic reviews have identified that low resting 
HRV is a biomarker of workplace stress (42). However, 
in the current study, participants did not exhibit resting 
levels of HRV previously attributed to individuals suffer-
ing from chronic stress. Baseline values for lnHF were 
greater than those identified in the systematic review; this 
might be, in part, why no changes in ANS function were 
observed (ie, they already had good autonomic function). 
Previous research measuring BP has robustly shown 
greater reductions in BP following acute exposure to natu-
ral compared to built environments (27, 29, 30) and thus it 
may be suggested that this would also occur (and perhaps 
be enhanced) following repeated exposures over a period 
of time. This study identified there was an interaction for 
groups. The mean systolic BP for NW and control groups 
decreased at the end of the intervention. This was not the 
case for the BW group. However, this finding should be 
considered with caution as baseline levels of systolic BP 
in the BW group were lower than that of the control and 
NW groups, who displayed pre-hypertensive values (>130 
mmHg). These pre-hypertensive levels may increase the 
likelihood of observing a decrease in mean systolic BP 
at the end of the intervention. Furthermore, the level of 
activity prescribed in the Walks4Work intervention might 
not have been  a sufficient stimulus to shift baseline BP 
within normal ranges. Therefore, it would be unwise to 
suggest that the walking intervention was ineffective as 
it is possible that two walks per week over an 8-week 
period is insufficient in a population with normative BP 
values. It would be of interest to repeat the study using 
hypertensive participants.
Proposed reasons for the decrease in BP in previous 
studies exploring acute exposure include alterations in 
psychological factors such as the relaxation and restor-
ative qualities of natural environments (22, 43, 44) 
which, conversely, are thought to be absent from built 
environments. Interestingly, in the current study, we 
noted improvements in mental well-being for the NW 
but not the BW intervention group, supporting the argu-
ment for the psychological benefits of nature alone (26). 
Research from Japan posits that physical components of 
natural environments play an important role in lowering 
BP through reductions in adrenaline and sympathetic 
activity (27). However, the current study does not show 
any measurable changes in the ANS. Differences in the 
Figure 2. Mean (95% confidence interval) active lunchtimes for control 
and built and nature walking groups at baseline and over the 8-week 
intervention period. Two active lunchtimes represents achievement 
of intervention.
Figure 3. Mean (95% confidence interval) daily (09:00–17:00 hours) 
step count at baseline, mid-point and end of intervention. * Significantly 
different to baseline and end of intervention (P<0.05).
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landscapes between the current study and the research 
in Japan should be noted; in particular the Japanese 
research predominantly took place in a conifer forest 
in comparison to the UK parkland of the current study. 
In this study, the effect on other physiological 
measures (eg, HR and HRV during rest, stressor, and 
recovery from a stressor) were not significantly dif-
ferent between the intervention groups. Measurements 
were not taken immediately following the nature walk. 
Therefore  the study did not examine the possibility that 
the acute physiological changes occurred but did not 
aggregate to produce longer-term changes. Conversely, 
it may be that the stimulus (eg, two 20-minute walks per 
week) was simply insufficient to evoke such changes. 
Furthermore, it may be that the measures employed were 
not sensitive enough to identify statistically significant 
changes as in part they were looking at more centrally 
mediated changes in the ANS, whereas local changes 
may be occurring. Other recent research (45) suggests 
that an 8-week green exercise intervention may be 
sufficient to evoke local vascular remodeling changes. 
Thompson et al analyzed blood samples to identify 
changes in components utilized in building the extra-
cellular matrix of the vascular walls. These measures 
appear promising and may be useful in future studies.
Exploratory analysis revealed that adherence to the 
intervention was low. There was an increase in self-
reported mental health in the NW group. However, with 
low adherence in all walking groups, the hypothesis that 
repeated walks in nature would increase mental health 
cannot be fully accepted.
Feasibility
The secondary aim of the study was to assess the feasibil-
ity of the Walks4Work program with regard to incorporat-
ing walking outside the office into a lunchtime period. 
Both NW and BW groups altered their behavior 
at lunchtime with the walking intervention (≥2 active 
lunchtimes), and this appeared to be maintained for one 
week longer with those walking in nature. Although 
adherence rates were disappointing, this intervention 
showed 42% and 43% of the BW and NW groups, 
respectively, adhered to twice weekly walks – despite 
low facilitator input. After the mid-point of the interven-
tion, mean number of lunchtime walks in both interven-
tion groups were below the target of two walks. It is 
possible that this drop in adherence reflected either a 
decline in motivation to walk at lunchtime or boredom 
with walking the same route twice a week. Although not 
measured directly in this study, motivation and intention 
to change is an important factor eliciting longer-term 
behavior change (46, 47). More than the mere provision 
of walking routes, PA monitoring and an expectation to 
actually complete the walks seems necessary to encour-
age office workers to be physically active at lunchtime. 
In addition, it may be useful to include a motivational 
component to help participants maintain adherence, 
particularly those who were the most sedentary and most 
likely to return to their previous sedentary behavior, 
especially with increasing work pressures. This finding 
should be considered in development of future programs 
aimed at longer-term adherence, which may lead to 
increased health gains.
The purpose of the walks was to increase PA levels 
and allow participants to engage with their environment 
without input from a researcher. In addition, this approach 
examined the efficacy of a PA intervention with limited 
resource requirements (eg, walk leaders), thus decreasing 
costs but not necessarily improving cost-effectiveness. 
In future, the walking route should be regularly screened 
as many participants mentioned obstacles such as over-
grown vegetation on the NW. Although this study aimed 
to investigate the impact of exercise environments and 
consequently routes were kept consistent to meet environ-
mental criteria, workplaces may find it useful to establish 
a greater range of walks. The routes chosen were the most 
appropriate in the immediate surrounding area, which 
allowed for the greatest differences between natural and 
built environments. 
Limitations
Although this study was the first randomized controlled 
trial in this area of research, it had some limitations. 
Firstly, as group allocation was randomized, drop-out 
rates were expected to be equal across the study groups. 
However, the final number in the control group was 
lower than anticipated and thus the statistical power 
of the results was reduced. In future studies, a more 
conservative drop-out rate of 40% may be appropriate. 
Secondly, the health check may not be sensitive enough 
to pick up subtle differences between the walking envi-
ronments. Further to this, the 3-minute stress test is short 
and only provoked a mild stress response, although this 
varied with individuals (as noted by HR response). The 
stress test was designed to fit within the available time 
given by the company. However, a longer but more 
potent stress test, including public-speaking and cogni-
tive challenges, would increase the likelihood of identi-
fying subtle changes in cardiovascular stress responses. 
It would also be of use to include work-related measures 
such as job strain, mood, and fatigue. 
In the current study, the ActiPed was used for remote 
collection of data and the objective assessment of PA for 
the working day between 09:00–17:00 hours. The study 
did not account for PA occurring outside worktime. 
Although participants were asked to wear the ActiPed at 
all times, often it was difficult to identify whether they 
had forgotten to wear it or were being sedentary. There-
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fore PA outside of working hours was considered unreli-
able and not included, this means possible confounding 
variables such as leisure-time PA and differences in 
sedentary behavior may have influenced the results. 
Furthermore, the ActiPed did not detect some types of 
activity (ie, cycling, swimming). These problems are 
inherent with pedometers, but the advantage of using 
the ActiPed is that data can be collected remotely for 
up to five months. As the participant is not required to 
manually record daily step counts, data collection can 
be more accurate than other methods.
Concluding remarks
Providing the guideline of two active lunchtimes a week 
with feasible low facilitator input appears inadequate for 
increasing the number of active lunchtimes in an office 
population. Furthermore, the exercise environment does 
not seem to influence activity levels or health outcomes. 
Providing motivation at regular intervals might improve 
adherence to the intervention. Further research is rec-
ommended in order to understand the potential role 
of lunchtime workplace PA interventions in different 
environments to modify ANS function, BP, and enhance 
mental health, particularly among highly stressed or 
hypertensive individuals.
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